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(54) Method and apparatus for measurering parameters of an electrical system 



(57) Time Deviation (TDEV) of a synchronous tele- 
communications system is measured by reference to an 
input series of data samples (TIE, 405). Samples are 
received and processed at a first data rate so as to pro- 
duce in real-time at least first and second time-varying 
series of TDEV measurements (440, 484), the first and 
second series of measurements representing TDEV 
with regard to respective first and second observation 
intervals (t), the second observation interval being 
longer than the first. A first process is implemented in 
real time by (i) performing a first low pass filter process 
(41 0) on said input series of data samples so as to pro- 
duce a first low pass filtered series of data samples 
(450), and (ii) performing a first further process 
(420,430) on said first low pass filtered series of sam- 
ples to obtain the first series of TDEV measurements. A 
first reduced rate series of samples (470) is extracted 
from said first low pass filtered series of data samples. 
A second process (480-482) is performed in real time 
using said first reduced rate series of samples (470) to 
obtain the second series of TDEV measurements. In the 
embodiment disclosed, such operations are repeated to 
produce, third, fourth etc series of TDEV measurements 
in real time, with the benefit of a greatly reduced data 
quantity at each stage. Reduction may for example be 
by octaves or decades. Intermediate stages can be pro- 
vided, according to the desired observation intervals. 
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Description 



[0001] The present invention relates to a method of and apparatus for measuring parameters of an electronic sys- 
tem by reference to an input series of data samples received and processed at a first data rate so as to produce in real- 

5 time at least first and second time-varying series of measurements for a given parameter. The invention may be applied 
in the measurement of timing errors in digital transmission systems, for example, standardised measurement known as 
Timing Deviation (TDEV) in Synchronous Digital Hierarchy (SDH) digital transmission systems in accordance with 
specifications as set out by the ITU-T ("ITU" stands for International Telecommunications Union). 
[0002] Modern telecommunications networks demand a high degree of synchronisation between network transmis- 

io sion elements. For all network transmission elements in SDH architectures timing is critical. However, as will be 
explained later, phase variations in the reference clock frequencies governing synchronous network elements may 
introduce errors at various stages in the network. 

[0003] One measure of timing errors in synchronous digital transmission systems is known as the timing deviation 
and is derived from an ensemble of timing error samples. This is a measure of the time variation of a signal and can 
15 also provide information on the noise signal. In SDH systems, the timing error samples are referred to as "Time Interval 
Error" or TIE samples, and a standardised timing deviation measure referred to as TDEV is defined. TDEV values, 
together with other parameters, are used to evaluate the performance of equipment and systems, often to diagnose a 
fault which has developed and which impairs customer service. 

[0004] Unfortunately, implementing directly the definition of TDEV (or similar parameters) provided by the stand- 
ee ards bodies does not permit a real-time display of the results. In particular, TDEV is generally required to be measured 
for on a set of different times (observation intervals), to reveal information about the time varying behaviour of the signal, 
and aid in diagnosis of faults. The observation intervals typically range from one second up to a day or more. To obtain 
the results for such intervals conventionally requires a large quantity of data to be collected and, in principle, even for 
the shortest observation interval, TDEV cannot be calculated until the entire data set has been gathered. This is clearly 
25 inconvenient but if, to obtain a quicker result, TDEV for the observation intervals is calculated using a partial set of data, 
the calculations performed must be performed again as more data becomes available. One proposal which provides 
intermediate results at an early stage is JP-A-1 01 78420 (Anritsu) (Derwent Abstract accession number 98- 
424471/199836 refers). 

[0005] An alternative expression of TDEV can be formulated, in the frequency domain. From this, it becomes pos- 
30 sible to implement the calculations of TDEV for the different observation intervals as a bank of filters, each with its own 
band-pass characteristics. This offers a real-time implementation, in which estimates of the measurement for the 
shorter observation intervals become more quickly available. Short term problems may reveal themselves as the early 
results are replaced with new data. Results for longer observation intervals will become available as time progresses. 
One system which purports to offer real-time TDEV measurement on this basis is Flexacom Plus, advertised by ICT 
35 Electronics on the World Wide Web. 

[0006] A problem which remains with the filter implementation is the large amount of data storage and computation 
needed to obtain the measured values of TDEV or the like, particularly for the longer observation intervals. The ITU-T 
specifies a minimum sample rate of 30 Hz, while samples covering at least three times the observation interval are gen- 
erally required to obtain one measurement. 
40 [0007] The invention aims to permit real-time calculation of a set of measurements such as TDEV for a range of 
observation intervals, while reducing the computational burden involved. 

[0008] The invention in a first aspect provides a method of measuring parameters of an electronic system by refer- 
ence to an input series of data samples (TIE) received and processed at a first data rate so as to produce in real-time 
at least first and second time-varying series of measurements for a given parameter (TDEV), each series of measure- 
45 ments resulting from the performance of a respective first and second process by digital data processing, the first and 
second series of measurements representing said parameter of the system nominally with regard to respective first and 
second observation intervals, the second observation interval being longer than the first, wherein: 

the first process is implemented in real time by performing a first low pass filter process on said input series of data 
so samples so as to produce a first low pass filtered series of data samples, and performing a first further process on 
said first low pass filtered series of samples to obtain the first series of measurements; 
a first reduced rate series of samples is extracted from said first low pass filtered series of data samples; and 
the second process is performed in real time using said first reduced rate series of samples. 

55 [0009] In the case of TDEV calculation, each of the first process and the second process comprises an appropriate 
band-pass filter function, followed by an RMS power estimation function. By performing the low-pass element of this 
separately, a filtered sample set is available, which can be used to provide a lower data rate input for the second band- 
pass filter. The reduction in the overall amount of calculation, when several TDEV intervals are being calculated at once, 
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means that real-time calculation may be carried out economically [low cost Digital Signal Processor (DSP) solution built 
into a portable test instrument]. 

[0010] In a first embodiment of the invention a series of band-pass filter stages is implemented in parallel, one for 
each observation interval. Each stage (ignoring the last stage) is divided into low-pass and high-pass filters, and the 
5 low-pass filtered samples are used as the input to the subsequent stage. Since the input samples for each stage are 
prefiltered in this way, the data set needed to estimate TDEV at different time intervals can be reduced without loss of 
information. 

[0011] Various arrangements are possible, which can be chosen according to the exact observation intervals 
required, and the economics of a chosen implementation. For example, to implement the low-pass and high-pass func- 
io tions separately is likely to be more costly than direct implementation of a band-pass function. Accordingly, in a second 
embodiment of the invention, the samples are not separately low-pass filtered and reduced at every stage, but only at 
certain key stages. 

[0012] The invention further provides an apparatus for measuring parameters of an electronic system by reference 
to an input series of data samples received and processed at a first data rate so as to produce in real-time at least first 
is and second time-varying series of measurements for a given parameter, each series of measurements resulting from 
the performance of a respective first and second process by digital data processing, the first and second series of 
measurements representing said parameter of the system nominally with regard to respective first and second obser- 
vation intervals, the second observation interval being longer than the first, the apparatus comprising: 

20 - means for performing said first process in real-time by (i) performing a first low pass filter process on said input 
series data samples so as to produce a first low pass filtered series of data samples, and (ii) performing a first fur- 
ther process on said first low pass filtered series of samples to obtain the first series of measurements; 
means for extracting a first reduced rate series of samples is extracted from said first low pass filtered series of data 
samples; and 

25 - means for performing said second process in real time using said first reduced rate series of samples. 

[0013] The first and second processes can conveniently be implemented in a single digital signal processor chip, 
although of course hard-wired filter arrangements could be used instead. 

[001 4] Further optional features are set forth in the dependent claims. These and other features, together with their 
30 advantages will be apparent to the skilled reader from the description of specific embodiments which follows. 

[0015] It will be understood that "real time" in this context does not imply that results are available without delay, or 
must be strictly synchronised with the flow of input samples. "Real time" in this context signifies merely that input sam- 
ples can be processed, on average, substantially at the rate at which the input samples are generated. 

35 Brief Description Of The Drawings 

[0016] Embodiments of the invention will now be described, by way of example only, with reference to the accom- 
panying drawings, in which: 

40 Figure 1 is a block diagram representation of a synchronisation network. 

Figure 2 is atop level block diagram of a measurement apparatus in accordance with the present invention. 
Figure 3 illustrates the principles of TDEV measurement process using band pass filters. 

Figure 4 is afunctional block diagram showing the processing implemented in the apparatus of Figure 2 to meas- 
ure TDEV in a first embodiment of the invention. 
45 Figure 5 illustrates the combination of low and high pass filter functions to give a band pass function. 

Figure 6 is afunctional block diagram showing the processing implemented in the apparatus of Figure 2 to meas- 
ure TDEV in a second embodiment of the present invention. 

Description Of The Embodiments 

50 

[0017] Figure 1 shows a simplified representation of a synchronisation network forming part of a telecommunica- 
tions system. A Primary Reference Clock (PRC) 100 provides the reference frequency signal which controls the syn- 
chronisation network using a Master- Slave method. The PRC is typically a source such as a caesium oscillator capable 
of maintaining a high quality frequency signal in accordance with ITU-T specifications. The clock signal is distributed 
55 over an SDH medium 110 to Synchronisation Supply Units (SSUs) 120 which handle the processing, generation and 
further distribution through the network of timing information. The SSUs help minimise degradation of the synchronisa- 
tion signal as it is transported across the network from node to node. Connected to the SSU node outputs are the var- 
ious SDH network devices and switching nodes. The clock generator in a SDH network is known as a SDH Equipment 
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20 



25 



Clock (SEC) 130. 

[0018] Degradation of synchronisation in an SDH network may be due to several factors. Common causes include 
variations in propagation times in cabling and frequency drifts due to temperature changes in the PLLs used. Errors in 
synchronisation may also occur if an SSU or SEC operates out of the ideal locked mode and in hold-over or free-run- 
ning modes. Any general re-configuration event in the synchronisation chain may give rise to transient events, as will a 
change of PRC in international links. 

[0019] Variations in the timing signal may be broadly split into two categories. In the ITU specifications, short term 
variations which are of frequency greater than or equal to 1 0 Hz are referred to as "jitter". Longer term variations which 
are of frequency less than 10 Hz are referred to as "wander". 

[0020] Since there are strict regulations governing timing it is necessary to have some means of measuring and 
identifying faults and errors. Three important measurements of network timing errors in the ITU recommendations are 
the Time Interval Error (TIE), Maximum TIE (MTIE), and Time Deviation (TDEV). Of principal interest for the present 
invention is TDEV, which is a measure of the time variation of a signal over a specific integration time (observation inter- 
val). TDEV is measured in units of time and is derived from a sequence of time error (TIE) samples. 
[0021] A major benefit of studying TDEV behaviour is in the evaluation of noise behaviour. TDEV(x) converges for 
all the major noise types affecting actual timing signals. A set of TDEV measurements for different observation intervals 
x can provide very useful information the sources of noise in a signal. The characteristic slopes of TDEV(x) indicate dif- 
ferent noise types enabling the discrimination between, for example, White Phase Modulation (WPM) and Frequency 
Phase Modulation (FPM) noise types. The behaviour of TDEV(x) significantly depends on observation period x for 
observation intervals where the WPM noise dominates, significant in TDEV measurement systems. TDEV is also sen- 
sitive to other influences. Systematic effects, such as diurnal wander, may mask various noise components. Accord- 
ingly, TDEV measurements for observation intervals covering the range from 1 second to 10,000 seconds or even 
1 00,000 seconds may be of interest. It is specified by the ITU-T Recommendation G.81 0 Appendix II.3 that TDEV(nx 0 ) 
should be estimated by: 



TDEV(m 0 )^ 



W-3n+1 

1 y 

[6/7 2 (A/-3n-M) j~ 



-/7+/-1 

L i=j 



30 

where x represents the series of timing error samples (TIE); m 0 is the observation interval with x 0 the sampling period 
and n = 1 , 2, integer part N/3; and N is the number of TIE samples required to calculate TDEV for a given observa- 
tion interval. 

[0022] Implementing this definition directly, TDEV may be calculated by gathering timing error samples from the 
35 equipment or network over a long period of time (depending on the longest observation interval of interest). This data 
set would then be processed off line, to obtain the best estimate for TDEV for each observation interval. Note that the 
estimate for even the shortest observation interval is to be calculated using the entire sample set. 
[0023] The amount of data which needs to be gathered is very large and may take long periods of time to collect, 
often extending to days, with the analysis of the data a computationally intensive task, conducted off-line. At a sampling 
40 rate of 50 Hz, for example, the TIE samples will take approximately 100 kilobytes of memory space per minute and so 
even comparatively short observation periods will take up large amounts of memory and a corresponding amount of 
time and processing power is needed to derive meaningful results. The result of this approach is that both staff and 
equipment resources are tied up, and results are not normally available during the test period which makes identifying 
cause and effect in the system being studied difficult. Further, it may take days to gather data which, when processed, 
45 indicates a problem which would have been observable after only a few minutes. Although a smaller data set could be 
used to obtain a preliminary value of TDEV for a short observation interval, the results cannot then conveniently be 
updated as new data arrives, without re-processing the whole set, or storing a large number of intermediate results. 
[0024] ITU-T Recommendation G.810 also mentions that TDEV is related to the power spectral density S^(f) of its 
random phase deviation <p(r) by the following integral relationship: 

50 

p sin 6 (^nr n 0 
TDEV(x)= ? ifV> 1 ~ df 

55 

where v nom is the nominal frequency of the timing signal; and f h is the measurement system bandwidth. The above rela- 
tionship is equivalent to the conventional definition holds underthe assumption that no deterministic components affect 
the time error data used to compute TDEV(nx 0 ) but in practice the data may include deterministic effects. 
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[0025] This alternative form of expression permits a real-time implementation of the TDEV calculation, in which 
TDEV for each observation interval can be obtained by applying a band-pass filter function to the sequence of Tl E sam- 
ples. The pass band of the filter is selected appropriately for each observation interval. There is provided a method of 
carrying out a calculation in real-time which provides an estimate for each TDEV value, as soon as sufficient data 
5 becomes available. Leaving the test running for longer will allow TDEV values for longer observation intervals to be 
obtained, if desired, and values for shorter intervals to be updated. Short period problems can be diagnosed more 
quickly and the test terminated as soon as a problem is observed. However, for longer intervals, the amount of data to 
be processed in the filter (the number of samples and coefficients) is still very large indeed. 

[0026] Figure 2 is a block diagram of the novel test measurement apparatus, insofar as is relevant to TDEV meas- 
io urements. In practice, the same instrument will be capable of deriving various measurements from the system, not only 
TDEV. In this configuration an SDH signal 210 is fed into an interface block of the test equipment which consists of a 
fibre optic receiver 220 and a clock/data recovery module 230 which recovers the data timing signal for further process- 
ing by the wander demodulator 240. The data may be passed on to a further demodulator 250 for other uses. A refer- 
ence clock 100 signal is obtained from an appropriate source to provide the necessary reference timing signal. 
15 [0027] The wander demodulator 240 has the functional ability to obtain and output TIE samples (wander samples 
245) by comparing the recovered data clock signal with the reference signal. To evaluate TDEV values the wander sam- 
ples 245 are passed to a digital signal processor (DSP) 250. The results of processing are then recorded and/or passed 
at 255 to a display 260. 

[0028] Various considerations for the definition and implementation of test instrumentation for measuring jitter, wan- 
20 der, TDEV, MTIE and the like in SDH are given in ITU-T recommendation 0.172. The present apparatus is capable of 
measuring a clock signal at several STM-N bit rates in use by different systems. It should be noted that the invention is 
in no way limited to or by these clock frequencies. The actual clock signal may be derived by several methods from the 
reference clock source used. The clock signal frequency required may be synthesised by, for example, techniques using 
PLLs, clock multipliers and dividers. Direct digital synthesis may be utilised if the ratio of the clock signal required and 
25 the source reference clock is not suitable for these methods. These details of implementation will be within the capability 
of the skilled reader, and will not be discussed further herein. 

[0029] In the present example, TIE is the basic function from which timing deviation TDEV, as well as other param- 
eters, can be calculated. The wander demodulator 240 contains the necessary functionality needed to obtain TIE sam- 
ples. Within demodulator 240, the test signal is first input into a phase detector which also takes as an input a reference 

30 timing signal derived from an external reference clock 100 signal as stated above. The output of this phase comparator 
is filtered through an equivalent 10 Hz first order, low pass filter, to separate the wander from the jitter, as defined. 
[0030] The resulting TIE samples are output at 245 at a frequency of 50 Hz, which is significantly better than the 
minimum of 30 Hz recommended by the ITU-T in recommendation G.812/813. Measurement at this higher frequency 
safeguards against aliasing, when information is lost due to low sampling rates, but increases the amount of data to be 

35 processed. The accuracy of the wander measurement function is dependent on several factors including the TIE sam- 
pling interval, with serious errors occurring as the sampling interval lengthens. The invention described here is in not 
limited to this or any other single frequency. 

[0031] In the present apparatus, the calculation of TDEV is carried out effectively as a frequency domain process, 
using a bank of filters as described above. This is illustrated schematically in Figure 3, where the TDEV value for one 

40 specific value of t is shown. The TIE samples are passed to digital signal processing unit 250 for the TDEV calculation. 
TDEV, as previously explained, is a measure of wander that is a function of parameter t, the observation interval. 
TDEV(x) can be said to be the Root Mean Square (RMS) of band pass filtered TIE samples, the pass band of the filter 
corresponding to the desired observation interval. Within DSP 250, the TIE samples 300 derived from the wander 
demodulator 240 are effectively passed to a band pass filter 310, the band pass filter function 340 centred on a fre- 

45 quency of 0.42/x. The RMS measurement 320 value forthe filtered result gives the TDEV(x) 330 value. Band pass filters 
with other values for z will result in other TDEV values for other observation intervals. 

[0032] Since a large of amount of raw data is generated in this process, in order to make real-time TDEV calculation 
more economic the computation effort required of the filter and RMS stages are reduced in the novel arrangement. This 
is achieved through implementing the band pass filters, or at least certain of them, as a cascade of low- and high-pass 
so filters. At the output of each low-pass filter, a reduced rate series of samples can be taken. For use as the input to the 
measurement of TDEV for a longer observation intervals. As a result, the storage and computational requirements for 
the longer-term measurement can be greatly reduced, with only modest increase in the computational burden forthe 
shorter-term measurement. 

[0033] Figure 4 illustrates this TDEV calculation process, implemented by DSP 250, for a first embodiment in block 
55 diagram form, showing the data flow through the filter and RMS stages and the process of decimation. The TIE data 
400, sampled in the first instance at 50 Hz 405, passes through a low pass filter 410 first, thus eliminating high-fre- 
quency signal components, above the desired pass band. The low pass filtered data is then processed through a high 
pass filter 420 so that now the TIE samples are fully band pass filtered. An RMS calculator 430 estimates the RMS 
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value of the filtered TIE data, thus outputting the TDEV value 440 for this value of x, where here x- 1 second. The filter 
responses used to build up the band pass functions are shown schematically in Figure 5, showing how the low pass 
500 and high pass 510 filter functions combine to give a band pass filter function 520. 

[0034] For the calculation of TDEV values for longer observation intervals (x = 2 seconds etc), the original data at 
5 405 is not used. Instead the low pass filtered data is tapped at 450 and fed to a reduction (decimation) process 460, 
sampled at half the previous frequency (25 Hz) and passed on to second low pass filter 480 in the filter cascade. The 
second low pass filter 480 eliminates high frequency components appropriate to the calculation of TDEV for x = 2 sec- 
onds. Since the data at 450 is already filtered with a cut-off well below 12 Hz, the Nyquist sampling criterion confirms 
that no information is lost, while the quantity of data is halved. 
w [0035] As before, a high pass filter 481 completes the filtering process and an RMS calculator 481 outputs the 
TDEV value for x = 2 s. By using the reduced rate data, it will be appreciated that that the amount of data to be proc- 
essed, the filter size and even the coefficients themselves are no different for the longer interval x = 2s than for the 
shorter interval x = 2s. 

[0036] This process of data reduction continues down the stages, where TDEV for longer and longer observation 
is intervals is measured. As a result, subsequent filters need to perform less calculation than conventionally, allowing for 
fast calculation to be carried out. Each stage of the cascade shown in this case samples at half the frequency of the 
previous stage. Conveniently, although this is not necessarily the case, each stage outputs a TDEV value correspond- 
ing to a time interval twice that of the previous stage (in other words increasing in octaves). It will be understood that 
only a few representative stages are shown, and more will be provided in practice. For example, fourteen octave stages 
20 will be needed to reach an observation interval of 16384 seconds. For the final stage of the cascade there is no need 
for a separate low and high pass filter so a band pass filter 490 may be substituted instead, the sampled data processed 
as before to give a final TDEV value 495. 

[0037] The advantage gained by using this method allows for the real-time display of TDEV characteristics with a 
high degree of speed and accuracy which cannot be achieved with time domain based methods. Each of the filter ele- 
25 ments, including the decimation process and the RMS calculation, can be derived using standard DSP techniques and 
do not involve complex calculations. The RMS and high pass/band pass filter stages can be implemented in a single 
composite filter process, with appropriate poles and zeroes. Other frequency ratios may be used as desired, although 
simple octaves are particularly easy to implement. 

[0038] Figure 6 shows another embodiment of the invention which adds intermediate stages 610, 620 to the deci- 
30 mation process of that shown in Figure 5. The data sampled at 50 Hz 405 is processed in the same manner as that 
detailed before and shown schematically in Figure 4. However, the number of low pass filter and data reduction stages 
does not have to match the number of TDEV observation intervals required. Successive stages in the main cascade 
may thus have sampling frequencies set at considerably greater ratios than that previously described, enhancing the 
data reduction process. In the example of Figure 6, the reduction at 625 is by a factor ten at each main stage, so that 
35 the second stage of the main cascade samples the TIE data at 5 Hz. The intermediate stages may for example corre- 
spond to observation intervals x = 2, 3, 4 ...9 seconds. The same pattern of intermediate stages may be repeated at 
each decade, up to the maximum observation interval of interest. 

[0039] The intermediate stages 610, 620 in this example all sample at the same frequency as the preceding main 
stage. Where there is no need for further data decimation at the intermediate stages these stages are implemented as 

40 single stage band pass filters 605 instead of low pass/high pass filter pairs. Each filter 605 etc will have coefficients set 
to give a value for TDEV appropriate to the desired observation interval. This embodiment enables a close spacing of 
observation intervals to be obtained, without the overhead of a separate low pass filter stage at every one. In principle, 
"nesting" of data- reduction stages could be implemented, if justified in a particular case. For example reduction by 
octaves (2, 4, 8; 20, 40, 80 etc) could be nested within reduction by decades (1 , 1 0, 1 00 etc) 

45 [0040] The use of DSP techniques to implement the filter cascades has numerous advantages, including integra- 
tion of the various functional elements at different stages needed to process the raw data to produce the TDEV results. 
Specialised hardware is used in the present apparatus for various blocks before the DSP device, for example the clock 
and data recovery block 230 and the wander demodulator 240. In other implementations, the DSP could carry out some 
of these functions, too. In particular, the wander demodulation could be integrated into the DSP system as it would elim- 

so "mate the need to transfer sample values for the MTIE/TDEV calculations. The generation of a reference timing signal 
would remain an external function, with the phase detector and measurement filters being implemented in the DSP. In 
such an implementation the same device could therefore be used for the MTIE, TDEV and wander demodulation func- 
tions giving the advantage of multiple functionality simply by programming changes. 

[0041 ] An advantageous feature of real time TDEV measurement not possible with previous static, off-line process- 
55 ing solutions is that transient phenomena may be studied in detail. Due to the stochastic nature of the calculation of 
TDEV in stored data processing systems transient phenomena cannot be observed in any detail. Such phenomena 
may include any non-stochastic event, either completely random in nature or deterministic and periodic. This would 
allow the observation of systematic errors and phase transients on the networks or equipment under test, for instance 
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due to reference switching. 

[0042] The skilled reader will appreciate that the invention is not limited to the specific implementations and appli- 
cations detailed above. It can be applied to the measurement of standardised and non-standardised parameters other 
than TDEV, and in electronic systems other than SDH telecommunication networks. It can be implemented in various 
5 combinations of hardware and software, and with or without hard-wired or programmable circuits. In particular, the ded- 
icated DSP unit 250 and display 260 of Figure 2 would be replaced by a single general purpose computer for example 
a notebook PC connected to the instrument hardware. The entire process of Figure 4 or 6 might then be implemented 
by software signal processing. 

10 Claims 

1. A method of measuring parameters of an electronic system by reference to an input series of data samples 
received and processed at a first data rate so as to produce in real-time at least first and second time-varying series 
of measurements for a given parameter, each series of measurements resulting from the performance of a respec- 
15 tive first and second process by digital data processing, the first and second series of measurements representing 

said parameter of the system nominally with regard to respective first and second observation intervals, the second 
observation interval being longer than the first, wherein: 

the first process is implemented in real time by (i) performing a first low pass filter process on said input series 
20 of data samples so as to produce a first low pass filtered series of data samples, and (ii) performing a first fur- 

ther process on said first low pass filtered series of samples to obtain the first series of measurements; 
a first reduced rate series of samples is extracted from said first low pass filtered series of data samples; and 
the second process is performed in real time using said first reduced rate series of samples. 

25 2. A method as claimed in claim 1 wherein at least one first intermediate series of measurements is produced by a 
first intermediate process, the first intermediate series of measurements representing said parameter with regard 
nominally to a first intermediate observation interval, intermediate between the first and second observation inter- 
vals, said first intermediate process being applied to said input series of samples in order to obtain said first inter- 
mediate series of measurements. 

30 

3. A method as claimed in claim 1 wherein a plurality of intermediate series of measurements are performed by 
respective intermediate processes, the first plurality of intermediate series of measurements representing said 
parameter with regard nominally to respective intermediate observation intervals, intermediate between the first 
and second observation intervals, each said intermediate process being applied to said input series of samples in 

35 order to obtain the respective intermediate series of measurements. 

4. A method as claimed in claim 1 , 2 or 3 wherein the second data rate is related to the first data rate by factor which 
is one of two, four and eight. 

40 5. A method as claimed in claim 1 , 2 or 3 wherein the second data rate is related to the first data rate by a factor ten. 

6. A method as claimed in any preceding claim wherein the first low pass filter process implements a low pass filter 
function having a nominal cut-off frequency less than one twentieth the sampling frequency of said input series of 
data samples. 

45 

7. A method as claimed in any preceding claim wherein a third series of measurements is produced by a third proc- 
ess, the third series of measurements representing said parameter wit regard nominally to a third observation inter- 
val, longer than the first and second observation intervals, wherein: 

so - said second process is implemented by (i) performing a second low pass filter process on said first reduced 
rate series of samples so as to produce a second low pass filtered series of data samples, and (ii) performing 
a second further process on said second low pass filtered series of samples to obtain the second series of 
measurements; 

a second reduced rate series of samples is extracted from said second low pass filtered series of data sam- 
55 pies; and 

the third process is performed in real time using said second reduced rate series of samples so as to produce 
said third series of measurements. 
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8. A method as claimed in claim 7 wherein at least one second intermediate series of measurements is produced by 
a second intermediate process, the second intermediate series of measurements representing said parameter with 
regard nominally to a second intermediate observation interval, intermediate between the second and third obser- 
vation intervals, said second intermediate process being applied to said second low pass filtered series of data 

5 samples in order to obtain said second intermediate series of measurements. 

9. A method as claimed in any preceding claim wherein said input series of data samples is obtained by (i) performing 
in real time a prior low pass filter process so as to produce a prior low pass filtered series of data samples at a 
higher rate than said first data rate and (ii) extracting said input series from said prior low pass filtered series of 

10 samples, said prior low pass filter process being performed in real time as part of a prior process to obtain a prior 

series of measurements, the prior series of measurements representing said parameter with regard nominally to a 
prior observation interval shorter than the first observation interval. 

1 0. A method as claimed in any preceding claim wherein each of the processes for obtaining respective series of meas- 
15 urements implements a band pass filter function. 

11. A method as claimed in claim 10 wherein each of said processes further implements a power estimation function. 

12. A method as claimed in claim 1 1 wherein said power estimation function is an RMS (root mean square) estimation 
20 function. 

1 3. A method as claimed in claim 1 0 or 11 wherein in the implementation of at least one of said processes a composite 
filter process is used whose transfer function is the product of at least a part of said band pass filter function and 
said power estimation function. 



25 



30 



1 4. A method as claimed in claim 1 3 wherein in the implementation of said first further process a composite filter proc- 
ess is used whose transfer function is the product of a first high pass filter function and said power estimation func- 
tion, such that said band pass filter function and power estimation function are implemented by the combination of 
said first low pass filter process followed by said first further process. 

15. A method as claimed in any preceding claim, wherein the electronic system comprises part of a synchronous tele- 
communications network, and wherein the input data samples represent successive measured timing errors 
between a signal in the system and a timing reference. 

35 16. A method as claimed in claim 15 wherein said timing reference is derived from a signal at another part of the net- 
work. 

1 7. A method as claimed in claim 1 5 or 1 6 wherein said input series of samples represents wander in said timing errors, 
and is produced in real time by applying a low pass filter process with predetermined cut-off frequency to said tim- 

40 ing errors. 

18. An apparatus for measuring parameters of an electronic system by reference to an input series of data samples 
received and processed at a first data rate so as to produce in real-time at least first and second time-varying series 
of measurements for a given parameter, each series of measurements resulting from the performance of a respec- 

45 tive first and second process by digital data processing, the first and second series of measurements representing 

said parameter of the system nominally with regard to respective first and second observation intervals, the second 
observation interval being longer than the first, the apparatus comprising: 

means for performing said first process in real-time by (i) performing a first low pass filter process on said input 
50 series data samples so as to produce a first low pass filtered series of data samples, and (ii) performing a first 

further process on said first low pass filtered series of samples to obtain the first series of measurements; 
means for extracting a first reduced rate series of samples is extracted from said first low pass filtered series 
of data samples; and 

means for performing said second process in real time using said first reduced rate series of samples. 

19. An apparatus as claimed in claim 18 further comprising means for producing at least one first intermediate series 
of measurements by performing a first intermediate process, the first intermediate series of measurements repre- 
senting said parameter with regard nominally to a first intermediate observation interval, intermediate between the 
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first and second observation intervals, said first intermediate process being applied to said input series of samples 
in order to obtain said first intermediate series of measurements. 

20. An apparatus as claimed in claim 18 further comprising means for producing a plurality of intermediate series of 
5 measurements by performing respective intermediate processes, the first plurality of intermediate series of meas- 

urements representing said parameter with regard nominally to respective intermediate observation intervals, inter- 
mediate between the first and second observation intervals, each said intermediate process being applied to said 
input series of samples in order to obtain the respective intermediate series of measurements. 

10 21. An apparatus as claimed in claim 18, 19 or 20 wherein the second data rate is related to the first data rate by factor 
which is one of two, four and eight. 

22. An apparatus as claimed in claim 18, 19 or 20 wherein the second data rate is related to the first data rate by a 
factor ten. 

15 

23. An apparatus as claimed in any of claims 1 8 to 22 wherein the means for performing said first low pass filter proc- 
ess is arranged to do so by implementing a low pass filter function having a nominal cut-off frequency less than one 
twentieth the sampling frequency of said input series of data samples. 

20 24. An apparatus as claimed in any of claims 1 8 to 23 further comprising means for producing a third series of meas- 
urements by performing a third process, the third series of measurements representing said parameter with regard 
nominally to a third observation interval, longer than the first and second observation intervals, the means for per- 
forming said second and third processes being arranged so that in operation: 

25 - the second process is implemented by (i) performing a second low pass filter process on said first reduced rate 

series of samples so as to produce a second low pass filtered series of data samples, and (ii) performing a sec- 
ond further process on said second low pass filtered series of samples to obtain the second series of meas- 
urements; 

a second reduced rate series of samples is extracted from said second low pass filtered series of data sam- 
30 pies; and 

the third process is performed in real time using said second reduced rate series of samples so as to produce 
said third series of measurements. 

25. An apparatus as claimed in claim 24 further comprising means for producing at least one second intermediate 
35 series of measurements by performing a second intermediate process, the second intermediate series of measure- 
ments representing said parameter with regard nominally to a second intermediate observation interval, intermedi- 
ate between the second and third observation intervals, said second intermediate process being applied to said 
second low pass filtered series of data samples in order to obtain said second intermediate series of measure- 
ments. 

40 

26. An apparatus as claimed in any of claims 18 to 25 further including means for obtaining said input series of data 
samples by (i) performing in real time a prior low pass filter process on samples received at a higher rate than said 
first data rate so as to produce a prior low pass filtered series of data samples at said higher rate and (ii) extracting 
said input series from said prior low pass filtered series of samples, said prior low pass filter process being per- 

45 formed in real time as part of a prior process to obtain a prior series of measurements, the prior series of measure- 

ments representing said parameter with regard nominally to a prior observation interval shorter than the first 
observation interval. 

27. An apparatus as claimed in any of claims 1 8 to 26 wherein the means for performing each of said first, second and, 
so where provided, third processes for obtaining respective series of measurements is arranged to do so by imple- 
menting a band pass filter function. 

28. An apparatus as claimed in claim 27 wherein the means for performing each of said first, second and, where pro- 
vided, third processes for obtaining respective series of measurements is arranged to do so by further implement- 

55 ing a power estimation function. 

29. An apparatus as claimed in claim 28 wherein said power estimation function is an RMS (root mean square) estima- 
tion function. 
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30. An apparatus as claimed in claim 28 or 29 wherein the means for performing at least one of said first, second and 
third processes is arranged to do so using a composite filter process whose transfer function is the product of at 
least a part of said band pass filter function and said power estimation function. 

5 31. An apparatus as claimed in claim 30 wherein in the means for performing said first further process is arranged to 
do so using a composite filter process whose transfer function is the product of a first high pass filter function and 
said power estimation function, such that said band pass filter function and power estimation function will be imple- 
mented by the combination of said first low pass filter process followed by said first further process. 

10 32. An apparatus as claimed in any of claims 18 to 31 further comprising means (23, 240) for obtaining said input 
series of data samples by successively measuring timing errors between a signal in part of a synchronous telecom- 
munications network and a timing reference. 

33. An apparatus as claimed in claim 32 wherein said input series of data samples represents wander in said timing 
15 errors, and is produced in real time by applying a low pass filter process with predetermined cut-off frequency to 

said timing errors. 

34. An apparatus as claimed in any of claims 18 to 33 wherein the means for performing said first, second and third 
processes comprise a programmed digital signal processor (250). 
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